Single ventricle anomalies occur in about 1.5% of patients with congenital heart disease.' In managing patients with complex congenital heart disease, it is important to maintain a favourable balance between pulmonary and systemic blood flow. Phaeochromocytoma is a catecholaminesecreting tumor which can upset this favourable balance, as can its treatment. This is a report of the anaesthetic management of a patient with a single ventricle and a phaeochromocytoma. No other similar case could be found in the literature.
CASE REPORT
An ll-year-old female was admitted for the excision of a phaeochromocytoma. Her past medical history was remarkable for congenital heart disease. She had a single ventricle, dextrotransposition of the great arteries (d-TGA), atrial septal defect, tricuspid atresia and pulmonary artery stenosis. At three days oflife the patient had a Waterston shunt fashioned which subsequently occluded. A left Blalock-Taussig shunt was created at sixteen months of age. When she was eight years old, the patient was found to have a stenotic left shunt, and a right Blalock-Taussig shunt was performed. Two years later she was hospitalised for a supraventricular tachycardia which was controlled successfully with procainamide and verapamil.
One month prior to this admission, the patient presented with nausea, vomiting, diaphoresis, dehydration and hypertension. Her blood pressure (BP) was 160/90 mmHg and heart rate (HR) 90-110 beats.min -'. She had elevated blood catecholamine levels: noradrenaline 24,000 pg.ml-' (normal 120-680 pg.ml-'), adrenaline 396 pg.ml-I (normal 0-60 pg.ml-'), dopamine 140 pg.ml-I (normal 0-30 pg.ml-'); her haematocrit was 51.3%. Computerised tomography, nuclear magnetic resonance imaging and meta-iodobenzyl guanidine scintigraphy revealed a left extra-adrenal mass. Normally, her BP ranged between 110-130/ 50-70 mmHg with a HR of 90-1 10 beats.min -, . Treatment was started with phenoxybenzamine 5 mg twice daily with two days of intravenous hydration with Ringer's lactate followed by oral fluid resuscitation. Over the next month her blood pressure decreased to 90/50-60 mmHg and her HR ranged from 90-115 beats.min -,. Her haematocrit decreased slightly to 49.9%.
On this admission, physical examination revealed that her height was 143 cm, weight 33 kg, heart rate (HR) 110 beats.min -I, BP 113/ 63 mmHg and respiratory rate 32 breaths.min -I. She had a grade 3/6 continuous murmur at the right sternal border, a grade 2/6 harsh apical holosystolic murmur, a single second heart sound (S2), an absent left radial pulse and peripheral cyanosis. Her laboratory values included a haematocrit of 49.9% and a haemoglobin oxygen saturation on room air of 80%. Her electrocardiogram showed left axis deviation, ventricular hypertrophy, an intraventricular conduction delay and a junctional rhythm. The patient was receiving verapamil and procainamide for control of preoperative dysrhythmias and these drugs were continued up to and throughout the patient's hospital stay. She required no further drugs for control of tachy-or bradyarrhythmias. Phenoxybenzamine was continued until the night before surgery.
The routine intraoperative monitors were used: electrocardiogram, blood pressure cuff, pulse oximeter, neuromuscular blockade monitor, temperature probe and Foley catheter. Additionally, right internal jugular vein central venous pressure (CVP) and right radial arterial catheters were placed. Her initial CVP reading was 12 mmHg.
Anaesthesia was induced using 50 mcg.kg -I of fentanyl and 0.5 mg.kg-I of diazepam with 0.15 mg.kg-I ofvecuronium for muscle relaxation. The patient was maintained on 100% oxygen with supplemental fentanyl and vecuronium given as needed. On 100% oxygen, her arterial blood gas was pH 7.30, PC02 43 mmHg, P02 87 mmHg, HC03 23 mmol.l-I, haemoglobin oxygen saturation 95.4%. Her haemoglobin oxygen saturation was maintained above 90% throughout the operation without any fluctuations. Before tumor manipulation, the patient's blood pressure was 120176 mmHg with a pulse rate of 98 beats/min. With tumor manipulation, her BP increased to 160/88 mmHg with a HR of 110 beats.min -I. Therefore, a nitroprusside drip (1-10 mcg.kg -I.min -I) was begun and titrated to maintain the patient's BP in the 120170 mmHg range and her HR at 110-130 beats/min. Immediately after the tumor was removed the patient's BP was maintained at around 115/ 70 mmHg and her HR at about 100 beats.min -I without pharmacologic support. There were no episodes of intraoperative hypotension. The patient's CVP was maintained at approximately 12 mmHg throughout this two hour and thirty minute operation, using Ringer's lactate 2800 ml.
Postoperatively the patient did well in the intensive care unit. She was haemodynamically stable and was extubated the next morning. She had no recall of any intraoperative events. Eight days postoperatively she was discharged home. Her plasma catecholamine levels were normal. DISCUSSION Peripheral neuroblastic tumors, including phaeochromocytomas, neuroblastomas, ganglioneuromas and paragangliomas, have an association with congenital cyanotic heart disease. 2 These two problems coexisted in this patient. First, she had complex cyanotic congenital heart disease. Therefore, it was important to maintain the balance between pulmonary and systemic blood flow. 3 The maintenance of adequate pulmonary blood flow was dependent on the ratio of pulmonary (PVR) to systemic (SVR) vascular resistance, the size of the created shunt and the degree of pulmonary artery outflow obstruction and hypertension. Second, the patient had a phaeochromocytoma, which is a catecholaminesecreting tumor. Before the availability of pre-and perioperative control of the hyperaderenergic state, phaeochromocytoma patients had a mortality as high as 24-50%.4 Mortality declined dramatically with the use of drugs to control hypertension and with the realisation of the importance of repleting blood volume. Many experts now recommend preoperative alpha-adrenergic blockade with phenoxybenzamine and simultaneous intravascular volume expansion. 5 ,6 When approaching this type of patient, it should be remembered that the increase in systemic vascular resistance that occurs with phaeochromocytomas may aid in pulmonary perfusion from the pulmonary artery and the surgically created shunt. However, it is also possible that this increased SVR could lead to congestive heart failure and overperfusion of the pulmonary vascular bed. Furthermore, a rapid decrease in SVR, due to the use of vasodilating drugs used in phaeochromocytomas, can lead to a decrease in pulmonary perfusion and worsening hypoxaemia. Catecholamines and vasodilators also affect pulmonary vascular resistance. Therefore, the overall effect of these agents will depend upon their effects on both SVR and PVR.
Preoperatively, phenoxybenzamine, an alpha 1 and alpha 2 receptor blocker, was used without untoward effects to slowly decrease her blood pressure while allowing for replacement of intravascular fluids as needed. Adequate preoperative preparation with phenoxybenzamine for ten to fourteen days is required. By achieving and maintaining an optimal intravascular volume, hypotension and vasopressor support can often be avoided once the phaeochromocytoma is removed. 5 Patients with phaeochromocytoma sometimes require treatment of tachycardia and other dysrhythmias. The patient was already being treated for a previous supraventricular tachycardia, and she required no additional drugs for dysrhythmias. However, preand perioperative beta blockade is often required if tachycardia, dysrhythmias or myocardial ischaemia are present despite adequate alpha blockade. To prevent hypertension, beta blocking agents should only be used after establishing adequate alpha blockade. Other problems that occur with beta blockade include congestive heart failure and pulmonary oedema in patients with compromised cardiac function, bronchospasm and second or third degree heart block. 7 Intraoperatively, in order to maintain the balance between her pulmonary and systemic blood flow, her venous filling pressure was maintained, and marked increases in systemic blood pressure were avoided as were factors known to increase PVR, such as hypoxia and acidosis. The anaesthetic agents chosen did not exacerbate the catecholamine-secreting tumor nor did they upset this balance. Fentanyl and diazepam were chosen for their analgesic and amnesic qualities, Anaesthesia and Intensive Care, Vo/. 18, No. 4, November, 1990 respectively. Individually, they have minimal effects on cardiac index; however, when used concurrently, some depression does occur. 8 ,9 Vecuronium has little or no autonomic effects and does not cause histamine release. It produces minimal changes in haemodynamics and plasma catecholamine levels in phaeochromocytoma patients and it does not affect cardiac contractility or rhythm.'D Nitroprusside is a direct-acting arteriolar dilating agent with a rapid onset and short duration of action and is therefore helpful in cases like these where blood pressure fluctuations can be rapid. 5 Although this patient did not require any vasopressor support after the tumor was removed, it should be remembered that this may be required. Despite the success of the fentanyldiazepam-vecuronium-oxygen technique in this patient, isoflurane-vecuronium-oxygen could probably have been used successfully. Isoflurane has been shown to be a satisfactory agent in phaeochromocytoma patients. 5 In this patient, 100% oxygen was given for two reasons. First, although a large shunt (arterial oxygen tension of 87 mmHg on 100% oxygen) was present due to her congenital heart disease, her oxygenation did improve as exhibited by an increased haemoglobin oxygen saturation. Second, because of the direct right-to-Ieft circulation communication, there was a possibility of paradoxial air embolism. Nitrous oxide was avoided because it could increase the size of an air embolus." Particular care was taken to evacuate all air from catheters and infusions entering the patient's circulatory system. This is a report ofthe successful management of a patient with a single ventricle, d-TGA, tricuspid atresia, atrial septal defect, pulmonary artery stenosis and Blalock-Taussig shunt, for the removal of a phaeochromocytoma. It illustrates the use of fentanyl-diazepam-vecuronium-oxygen as the anaesthetic. If a favourable balance between systemic and pulmonary blood flow is maintained during the preoperative, intraoperative and postoperative course, a successful outcome can be obtained.
